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ON-LiNE EXTRACTION EFFICIENCY ANALYSES FOR THE
LOS ALAMOS FREE-ELECTRON LASER

Alex H. Lumpkin and Rcnrc B. Feldman

Los Alamos National Laboratory
Los Alamos, NM 87545USA

ABSTRACT

The on-line extraction efficiency analysis procedures for the Los Alamos
Free-Electron Laser are described. The analyses are based on the measurement
of the electron beam’s energy spectron as a function of time under lasing and
nonlasing conditions. In the nongraphic, tuneup mode the procedure takes about
six seconds, so at a ] Hz repetition rate for the laser we can analyze one out of
every six shots. If erar)hics outmt is desired. it is woduced at a 20-s repetition. . . .
rate. The tapered ‘wiggler result for extraction efficiency,
as an example.

q -- 2% is p;esented

. INTRODUCTION1

One of the most important performance parameters for a free-electron laser (FEL) is

the evaluation of extraction efficiency. As optical powers have increased to a few G W in

the resonant cavity, damage to optical components has made it more difficult to quantify

transient cavity losses. The need for an on-line capability for optimizing the laacr performance

was identified at the end of the oscillator e;:pcriments that were reported previously [l-3~.

During the past year at Los Alarnos, we have implemented an on-line analysis capability

for quantifying the extraction efficiency, The analyses are baqed on the measurement of th(

electron beam’s energy spectra as a function of time under l~qing and nonlasi~lg conditions,

___ J.xP&,Rl,M_E~TAL11

Thr Los A]aYrms FEL i~ a mid-infrared (-lop) oscillator drivrn by an clcc~ron Iim’nr

accelerator which’ produces a relativist iv, 20-MCV electron kam. Thr e-bcwn putsc truin is

100 P* i;~ lcngt h and cormists of A2(KK) rnicropukms of 2(J-ps durnt,ion mparntcd by 4(i IIH.

As h&~ hccn described previously [z,4] an auxiliary e-bwm dcfkctor ~ystmn Iocat.cd uftcr

tlw wiggkr oection (hut before the clcctrcm spwtrmrwtcr) iHuwd to mmvcrt thi’ non-onqy

anulysi~ dirocti,m of the focal plain’ into M tirrw axi~ as illustrhtvd in Fig, 1, Fuwvl silirll

Hcrcwl~ in thr focal plwIr convert. the t’lortron bmml energy into a viaib]c imagr vin thr

Chmmkov mwhnnism, A mirroch~nm’1 pl~tv intxwifiwl vidiron cmwra vi(’w~ t his w’IIr
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and records the three-dimensional information (energy, intensity, and time). Because of this

deflection/streak technique, each video r~st,er line from the intensified camera involving the

focal plane converter screen corresponds to a different time slice of the macropulse,

In Fig. 2 sample images from the electron spectrometer in nonlasing and hsing conditions

are shown, In the lasing image the faint streak of signal going towards lower energy (left) is

generated by those electrons that participated in the lasing procem and which lost different

amounts of energy. Macropulse time flows from top to bottom of the image. Qualitatively,

the presence of such a low energy electron beam distribution on the real-time monitor display

in the control room is indicative of king. The next section will present the quantitative

analysis procedures applied to such data.

111, ANALYSIS AND RESULTS

The on-line quantitative analysis task is simplified by the fact that only a single raster

line from each data set that represents s 10ps of time needs to be digitized to evaluate the

extraction efficiency, Figure 3 schematically represents the hardware components involved:

the electron spectrometer, the intensified vidicon camera, the video free7c frame unit, the

digital video raster line selector, the Nicolet 2090 digitizing oscilloscope, the RS232 link at

9600 baud, and the IBM-XT personal computer (PC), Each calculation requires a camera dark

current reference, a nonlasing electron spectrum refcrenc.e, and the Iasing electron spectrum.

The camera reference is subtracted from both electron spectra files to initiate procewing.

In the nongraphic~, tuneup mode, the two reference Bamples arc digitized in the. Nicolrt

is transferred to the I’C, and thr extraction

analysi~ flow chart i~ given in I’ig. 4a. ‘1’hr

Hz rqwtition rate for the FIt L, W can aniilys(’
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transfer curve at low light levels. This also causes a decrease in contr~t for signal variations

at low input Icvels in comparison to the higher input levels. Figure 6 shows the correction

curve generated from Fig, 5 and illustrates also that the correction applied is larger where

the contrast is Iowcr. This correction will be seen to be critical to the proper evaluation of

the weak signal in the lasing tail. The data samples were ana]ysecl by a separate program

that, uses several of the same subroutines for ca]cu]ating the peak profile’s area, centroid, and

full width at half maximum of intensity (FWHM). The correction file is initially entered by

the operator in the present mode of operation,

The amount of Cherenkov light generated in the screen that actually reaches the vidicon

tube is dependent on several factors. Some of these factors are: the angle betveen the elec-

tron beam direction and the Suprasil screen plane, the scattering effectiveness of the frosted

back surface of the screen, the attenuation of light by color centers within the Suprasil, the

amount of q cracked hydrocarbons deposited on the screen, the viewing port transmittance,

the light collecting op’,ics, and any internal shading in the intensifier tube. The vidicon tube

also may have a variable sensitivity to light across its surface, However, one tot?.1 efficiency

correction is obtained by scanning the electron beam across the energy axis (while the exter-

nal deflector is running) by varying the analyzing magnet current, The nearby wall-current

monitor provides a normalization factor for any variation in beam current to the spectrometer

during the scans. Beam spot intensities arc then evaluated along tht’ screen surface by thr

peak arch measurements, Figure 7 shows that in addition to the general roll-off in dficicncy

at the extremes of the field-of-view (FO\’) due ,to the collecting lens, there is a dcprcssiorl

in the efficiency curve rwar thr center of the profi]c, This Iattcr c~lriency loss is attributwl

to color center defects in t.h~’fuwd silica scrmn crcatcd by the 20-McV electron bmun bml)-

hardmcnt, Thcrv also appcnrs to br ~ lig))t-~bsorbing rmiduc build-up from the crmking of

hydrocarbon within tht’ vacuum ~y!!tcm, For the on-linr Hnalysis only h samp]c rmrwli(m

fronl tho rcgiorl of intcrmt ncml bc applied.

To test t,hc m’a]umtion proccdurc wr ~imulatrd the swlurncr~ of oht,~inillg thr camcri] dHrk

current rcfercwcv,a nonlasingdmtq und B lusing ~hot. by t,nkillg two llonlw~illg shots Iilmul

20 sw mldH apart and trcnting t}~r S(!COII~ (MIC as ir i! wmc a lminR Ehot, The dark rurrwl

rcfmmc is Ruhtractmi fronl both film and thr rlicrgy ccntroids of thr rmu]hmt cnrrgy profilm

arr calculntod, ‘1’})0shift irl tmcrgycmtroid is CUICUIHWIM H fraction of the initli Hl --20 -Nlv\’

rnqy. As ~liown in th~ flow chnrt (Fig. 41)), thr progrnlli o~lt,])nt,s u rlult)twr of purnllwfws
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that can be used to assess the validity of the extraction efficiency calculation as well as the

p]ots. Other parametric values reported inc]ude the energy Fl$7HM of the two samples. thp

areas in the evaluation region, the ratio of the lasing area to the nonlasing area,, the region

of evaluation, the correction files applied, and the number of channels used in the sliding

average. The ratio of areas, which checks the conservation of electron number, proved to

be very useful. As seen in Fig. 8, the test case shows the areas are almost identical, and

the energy jitter resulted in a simulated extraction efficiency, q = -0.09%. The negative sign

indicates the second shot (the simulated lasing) was actually higher in average energy than

the reference,

The application of these techniques to the lasifig conditions using the 12?&tapered wiggler

is illustrated by the raw data plot in Fig. 9. One notes the area balance is quite poor, a 2(57L

discrepancy, and q = 1.3%. Because we could see the very long ‘Iasing tail” in the image

(such as Fig. 2b), we attributed the loss of electrons to the camera transfer curve (Figs. 5 and

6). This was tested by evaluating the count difference in the iow intensity region. Figure 10

shows the final result of q =2% with all corrections applied and the background-subtracted

data smoothed by the sliding average routine. It is noted that the area ratio is now within a

few percent of complete agreement!

The sensitivity of q to analysis parameter variation was considered. Tablv 1 shmvs thr

effects of energy analysis range selection and the correction files, Statistical fluctuations can

present a problem if they are at the extremes (large moment, arms) of the sampling region

Wc approximated the sources of extraction efficiency error as energy jitter ((),1%), stat isticiil

fluctuations (0,1-0.2%), and correction curves (().2-0,3%) for tapered wiggler results wit}) this

data structure (low-intensity, low-energy tail), ‘l’he final valLc for this lo-ps data samplr

-+60WS into t}le macropulsc is q :. 2.() +0.4(,1 at the 1-0 error level.

JJ’, ..SIJMMAI{Y ANI) C;ON(;I,llSl ONS

WC now hal’r on-linv two robust routiIlm: onc provides fast calculations for tuneup

arid the ot})er providm a quantitative evaluation of extraction efficiency with il grii~)llics

output.. ‘1’hr nongraphics start-up code rrlcasurcs onr out of’ cv(iry six shots. A dccisiol~

was rr]adt’ t o US(’t lie ‘1’cktronic video lltird co~)ior wit,}l 20-s rqwt itio]i rtitc for t,)]v grii})]li(s

olJtput, oncv thv co])icr was arccptm] as the Iit]]iti]lg factor, a corn~)ilcd lIAS1(; wii~ c]l(we Jl

/is th~ IIlllglliig(’ t)f’(’iiUW of its farili~y with graphirs ill)\l rorll]r]{l]licat,io])” ports, ‘1’llvrv W’il~

casi]y enough tirnr for accessing I ))(I digit izing oscillosropt’; for a~)plyii]g thr Jll(’ilSllld srrtv’11
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efficiency correction and measured camera transfer curve correction; for mapping

number to beam energy; for smoothing with sliding averages; for calculating and

of channel

displaying

results; arid for hard copying. Our initial expw-icnces with this cm-line analysis technique

have been encouraging. There are currently several operator actions that we would like to

eventually automate and put under minicomputer control. Also, we expect to speed Up the

PC’s performance with the addition of an “ele-(ator board” so that the IBM XT can emulate

and IBM AT. The abilities to track the extraction efficiency qualitatively on the television

monitor in real-time and quantitatively with the on-line techniques were invaluable in our

altaining this 2 percent extraction
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Figure Captions

Fig. 1. A schematic view of the slow deflector and fused si]ica screen in the focal plancof
the electron spectrometer.

Fig. 2. Sample images from the electron spectrometer focal plane fornon]asing andlasing
conditions.

Fig, 3. Block diagram of theon-line extraction ef%ciency analysis system.

Fig. 4.Flow charts f~r the non-graphics (a) and graphics output (b) analysis sequencc~.

Fig. 5. The intensified video camera transfer curve.

Fig. 6. The video signal correction curv~ gerierated from Fig. 5.

Fig. 7. The screen efficiency correction as a function of energy position.

Fig. 8. Test case of procedures for extraction efficiency analysis using two nonlasing shots
taken 20 seconds apart.

Fig. 9. Raw data p!ots of the electron spectra for the nonlasing-lasing (NL-L) example.

Fig, 10, Processed data plots of the electron spectra for the example in Fig, 9. All corrections
have been applied and the data smoothed, The nonlasing (NL) and lasing (L) curves
are indicated.



Table 1. Summary of extraction efficiency variation with analysis range and sliding average
range. Other corrections were applied as indicated.”

‘-~Me~Y-y;p ‘- *rea –

Sliding Average
No. Channel# Channel# Range (channels)

T

Ratio(L/NL) ;
7

1

L
130 620 1.04 2.0

2 130 620 ! 1.05 2.1
3 160 620 1 1.04 2.0
4 130 620 11 1.06 2.2
5 460 620 25 0.72 -o.3b

— ..~

a) Data of February 18, 1986; screen correction of February 14, 1986;and camera transfer
correction of February 18, 1986.

b) Screen correction of February 10, 1986.The main point is 30% of the electrons are in
the lasing tail which has not been included in the analysis range.
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